Somatic cell genetics and the study of cholesterol metabolism.
The regulation of cholesterol biosynthesis by extracellular cholesterol occurs both in whole animal tissue and in permanent somatic cell lines in culture. Permanent mammalian cells lines, under optimized growth conditions, are easily manipulated both biochemically and genetically. The Chinese hamster ovary cell line (CHO-K1) is the most widely used cell line for genetic studies. CHO-K1 is a pseudo-diploid mammalian cell exhibiting a short doubling time and a relatively high plating efficiency. Somatic cell mutants can be generated through mutagenesis and also by drug adaptation. Following mutagenesis, auxotrophs may be isolated either by selection or by screening. Most selection procedures for mutants of cholesterol metabolism must be done in serum depleted of cholesterol which requires the endogenous biosynthetic pathway to be intact. Mutants failing to produce cholesterol do not replicate their DNA and exhibit reduced concentrations of cholesterol in their membranes. BUdR and polyene antibiotics have both been used to select against the wild-type cells which incorporate these compounds and are killed, allowing the survival of the mutant cells. Both mevalonate and cholesterol auxotrophs have been isolated with the BUdR technique and have proven useful for elucidation of the early steps in cholesterol biosynthesis, particularly for the ratelimiting enzyme HMG-CoA reductase. Somatic cell fusion of a mutant and wild-type cell followed by chromosomal segregation, routinely used to map human genes, has also been used to map the human gene for HMG-CoA synthase. Such hybrids also provide valuable information on the dominance or recessivity of a specific lesion. DNA-mediated gene transfer into somatic cell mutants allows the selection of DNA sequences which complement the mutation, and is also useful for analysis of regions of regulatory significance. Mutants, resistant to the regulatory effects of oxygenated sterols, can be isolated following mutagenesis. Mutants of this type vary the lipid content of their membranes in response to cholesterol concentration in the medium. All such mutants tested exhibit a pleiotropic regulatory effect on more than one enzyme in the cholesterol biosynthetic pathway. Adaptation to drugs such as compactin and mevinolin, which inhibit HMG-CoA reductase, have been used to produce mutants which overexpress enzymes in the pathway. These amplified cells are useful sources of specific mRNAs for construction of cDNA libraries and gene isolation. Structure-function relationships of membrane sterols can be studied in cholesterol auxotrophs where changes in acyl-chain ordering can be manipulated by exogenous sterols in the medium.